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Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the 

application: 
Listing of Claims : 

1 . (Currently Amended) A charge pump capable of having multiple stages, 

comprising: 

at least two pumping-foie s stages , each fee -stage including: 
an input terminal for accepting an input voltage, 

an output terminal for delivering an output voltage, the output voltage different 
than the input voltage, 

a first pumping capacitor having a first terminal coupled between the input and 
output terminals and having a second terminal structured to accept a first phase signal, and 

a second pumping capacitor having a first terminal coupled between the input and 
output terminals and having a second terminal structured to accept a second phase signal, and 

a first switch coupled between the input terminal and the output terminal and 
structured to disrupt a connection between the input and output terminals when activated by a 
switching signal; 

a second switch coupled between the input terminal and the output terminal and 
structured to disrupt a connection between the input and output terminals when activated by a 
switching signal; 

a third switch coupled between the first terminals of the respective first and 
second pumping capacitors and structured to disrupt a connection between the first terminals of 
the capacitors when activated by a switching signal; and 

a pair of additional switches configured to separately couple the first and second 
pumping capacitors to the input and output lines such that for any pumping operation either one 
of the first and second pumping capacitors may selectively not be used; 

the charge pump further including: 
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a switching network structured to couple the pumping foes- stages either in a 
serial mode or a parallel mode depending on a state of the switching network. 

2. (Currently Amended) The charge pump of claim 1 wherein there are at 
least four pumping-fee s stages ; and the switching network comprises at least two switches. 

3. (Currently Amended) The charge pump of claim 1 wherein some switches 
in the switching network and some of the switches in the pumping feres- stages are structured to 
remain open during a charge pumping operation. 

4. (Original) The charge pump of claim 1, further comprising: 

a control circuit including an optimal stages finder coupled to the switching 

network. 

5. (Original) The charge pump of claim 4, further comprising a phase 
assigner coupled to the optimal stages finder, and comprising a plurality of multiplexing circuits. 

6. (Currently Amended) The charge pump of claim 5 wherein some of the 
switches in the switching network and the switch in the pumping lines -stages are structured to 
remain open during a charge pumping operation, and wherein the number in the plurality of 
multiplexing circuits is the same as the number of capacitors in the pumping tines -stages p lus the 
number of switches that do not remain open during the pumping operation. 

7. (Currently Amended) The charge pump of claim 4 wherein the an-optimal 
stages finder comprises a comparison circuit structured to compare a reference voltage to a 
power supply voltage and generate an output signal. 
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8. (Original) The charge pump of claim 7 wherein the comparison circuit 

comprises: 

a first resistor ladder coupled to the power supply voltage; 
a second resistor ladder coupled to the reference voltage; and 
a set of comparators. 

9. (Original) The charge pump of claim 8 wherein inputs of the comparators 
are coupled to the resistor ladders, and wherein outputs of the comparators are coupled to a 
signal latching circuit. 

10. (Original) The charge pump of claim 9 wherein the signal latching circuit 

comprises: 

a first input and a second input; 
a first and a second latch; and 

a logic circuit coupled between the first and second input and structured to 
provide a signal to the first and second latch based on a signal on the first and second input. 

11. (Original) The charge pump of claim 10 wherein the logic circuit 
comprises an OR gate having a first input terminal coupled to the first input of the signal latching 
circuit, a second input terminal coupled to an inverted signal of the second input of the signal 
latching circuit, and having an output terminal coupled to the second latch. 

12. (Previously Presented) A variable stage charge pump, comprising: 
a plurality of units, each unit including: 

an input terminal and an output terminal; 

a first switch coupled between the input terminal and a first terminal of a 
first capacitor, a second terminal of the first capacitor for receiving a pumping signal; 
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a second switch coupled between the input terminal and a first terminal of 
a second capacitor, a second terminal of the second capacitor for receiving a second pumping 
signal; 

a third switch coupled between the first terminals of the first and the 

second capacitors; 

a fourth switch coupled between the first terminal of the first capacitor and 
the output terminal; and 

a fifth switch coupled between the first terminal of the second capacitor 
and the output terminal; 

a plurality of phase selecting switches coupled to one of the capacitors in one of 
the units and structured to be coupled to one of the capacitors in another unit. 

13. (Original) The charge pump of claim 12 wherein there are two units, and 
the phase selecting switch is coupled between the first terminal of the first capacitor of the first 
unit, and the first terminal of the first capacitor of the second unit. 

14. (Original) The charge pump of claim 12 wherein the number of phase 
selecting switches in the second plurality is one less than the number of units in the plurality of 
units. 

15. (Original) The charge pump of claim 14 wherein there are a first, second 
and third units and a first and second phase selecting switches, and wherein the first phase 
selecting switch is coupled between the first terminal of the first capacitor of the first unit and the 
first terminal of the first capacitor of the second unit, and the second phase selecting switch is 
coupled between the first terminal of the second capacitor of the second unit and the first 
terminal of the second capacitor of the third unit. 
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16. (Original) The charge pump of claim 12, further comprising: 

a control circuit including an optimal stages finder coupled to the switching 

network. 

17. (Original) The charge pump of claim 16, further comprising a phase 
assigner coupled to the optimal stages finder and comprising a plurality of multiplexing circuits. 

18. (Currently Amended) A charge pump capable of having multiple stages, 

comprising: 

at least two pumping-tiaes stages , each foe- stage including: 
an input terminal for accepting an input voltage, 

an output terminal for delivering an output voltage, the output voltage 
different than the input voltage, 

a pumping capacitor having a first terminal coupled between the input and 
output terminals and having a second terminal structured to accept a phase signal, and 

a switched diode coupled between the input terminal and the output 
terminal and structured to disrupt a connection between the terminals when activated by a 
switching signal; 

the charge pump further including: 

a switching network coupled between the pumping tines- stages and structured to 
couple the pumping lines either in a serial mode or a parallel mode depending on a state of the 
switching networ k, the switching network comprising: 

a first transistor coupled between the pumping stages: 

a second and a third transistor coupled between one of the pumping stages and a 
first terminal of an auxiliary capacitor: and 

a fourth transistor coupled between the first terminal of the auxiliary 
capacitor and a reference voltage . 

19. (Canceled) 
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20. (Currently Amended) The charge pump of claim j-9-18 wherein a control 
terminal of the second transistor is coupled to a signal that indicates the at least two lines of the 
charge pump should operate in a serial manner. 

21. (Currently Amended) The charge pump of claim 4-9-1 8 wherein a control 
terminal of the fourth transistor is coupled to a signal that indicates the at least two lines of the 
charge pump should operate in a parallel manner. 

22. (Currently Amended) The charge pump of claim 49-18 wherein a second 
terminal of the fourth transistor is structured to receive a phased signal. 

23. (Original) The charge pump of claim 18, further comprising an output 
switched diode coupled to the output terminal. 

24. (Currently Amended) The charge pump of claim 48-23 wherein the output 
switched diode comprises: 

an input terminal and an output terminal; 

a first transistor coupled between the input terminal and output terminal; 

a second transistor coupled between the input terminal and a first node and a first 

capacitor; 

a third transistor coupled between the input terminal and a first node of a second 

capacitor; 

a fourth transistor coupled between a control gate of the first transistor and a 
reference voltage; and 

a fifth transistor coupled between the first node of the second transistor and the 
reference voltage. 
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25. (Original) The charge pump of claim 24 wherein the control gate of the 
fourth transistor and the control gate of the fifth transistor are coupled and driven with a signal 
that disconnects the output switched diode from the output terminal of the charge pump. 

26. (Currently Amended) A method of interconn e cting connecting a set of 
charge pumps e ach including phas e capacitors utilizing a plurality of switches and pumping 
capacitors forming a switching network , the method comprising: 

accepting a voltage input signal at an input terminal; 

applying a series of phase signals to the pumping charge capacitors and applying 
phase signals to the phase switche s switching network to separately couple any one of the charge 
capacitors to the input terminal and an output terminal such that for any pumping operation any 
combination of the charge capacitors may selectively not be used to p roduce an output voltage at 
an-the output terminal, the output voltage different than the input voltage^ 

selectiv e ly coupling a first pumping capacitor to an input voltage under control of 
a switching network; 

s e l e ctiv e ly coupling a second pumping capacitor to th e voltage input signal 
dep e nding on th e stat e of a s e cond switch within th e switching network; 

s e l e ctiv e ly coupling th e first and s e cond capacitors to e ach oth e r bas e d on the 
position of a third switch of th e switching network; and 

applying signals to the switching network coupl e d betw e en the set of charge 
pumps, the signals for controlling wh e ther th e set of charg e pumps should op e rat e in a parallel or 
s e rial fashion. 

27. (Currently Amended) The method of claim 26 wherein applying signals 
to a-the switching network comprises: 

applying a signal to a switch coupled between two individual charge pumps 

capacitors . 
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28. (Currently Amended) The method of claim 26 wherein applying signals 
to a-the switching network comprises: 

applying a first signal to a first switch coupled between a first and a second 
charge-pum p capacitor ; and 

applying a second signal to a second switch coupled between the second charge 
pimp -capacitor and a third charge-pump capacitor . 

29. (Currently Amended) The method of claim 26 wherein applying signals 
to arthe switching network comprises: 

applying a first signal to a first transistor to cause the charge pumps- capacitors to 
be coupled in a serial fashion, and applying a second signal to a second transistor in the switch 
switching network to cause the charge pumps capacitors to be coupled in a parallel fashion. 

30. (Currently Amended) The method of claim 26 wherein applying signals 
to a-the switching network comprises: 

connecting the output signal from one charge pump- capacitor to the input signal 
of another charge-pump capacitor . 

3 1 . (Previously Presented) The charge pump according to claim 1 wherein the 
first and second phase signals are identical to each other. 

32. (Previously Presented) The charge pump according to claim 1 wherein the 
first and second phase signals are in opposite phase from each other. 

33. (Previously Presented) The charge pump according to claim 1 wherein the 
relationship between the first phase signal and the second phase signal is controllable by 
software code to achieve a desired output response from the charge pump. 
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34. (Currently Amended) A charge pump capable of having multiple stages, 

comprising: 

at least two pumping lines, each line including: 
an input terminal for accepting an input voltage, 

an output terminal for delivering an output voltage, the output voltage different 
than the input voltage, 

a pumping capacitor having a first terminal coupled between the input and output 
terminals and having a second terminal structured to accept a phase signal s and 

a switch coupled between the input terminal and the output terminal and 
structured to disrupt a connection between the terminals when activated by a switching signal; 

the charge pump further comprising: 

a switching network structured to couple the pumping lines either in a serial mode 
or a parallel mode depending on the state of the switching network; 

a control circuit including an optimal stages finder coupled to the switching 

network; and 

a phase assigner coupled to the optimal stages finder, and comprising a plurality 
of multiplexing circuits structured to provide configurable phases to adjacent pumping 
capacitors . 

35. (New) A charge pump capable of having multiple stages, comprising: 
at least two pumping lines, each line including: 

an input terminal for accepting an input voltage, 

an output terminal for delivering an output voltage, the output voltage 
different than the input voltage, 

a pumping capacitor having a first terminal coupled between the input and 
output terminals and having a second terminal structured to accept a phase signal, and 

a switched diode coupled between the input terminal and the output terminal and 
structured to disrupt a connection between the terminals when activated by a switching signal, 
the switched diode comprising: 
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an input terminal and an output terminal; 

a first transistor coupled between the input terminal and output terminal; 
a second transistor coupled between the input terminal and a first node and 

a first capacitor; 

a third transistor coupled between the input terminal and a first node of a 

second capacitor; 

a fourth transistor coupled between a control gate of the first transistor and 
a reference voltage; and 

a fifth transistor coupled between the first node of the second transistor 
and the reference voltage; 

the charge pump further including: 

a switching network coupled between the pumping lines and structured to 
couple the pumping lines either in a serial mode or a parallel mode depending on a state of the 
switching network. 

36. (New) A charge pump capable of having multiple stages, comprising: 
at least two pumping lines, each line including: 
an input terminal for accepting an input voltage, 

an output terminal for delivering an output voltage, the output voltage different 
than the input voltage, 

a first pumping capacitor having a first terminal coupled between the input and 
output terminals and having a second terminal structured to accept a first phase signal, and 

a second pumping capacitor having a first terminal coupled between the input and 
output terminals and having a second terminal structured to accept a second phase signal, the 
first and second phase signals being identical to each other, and 

a first switch coupled between the input terminal and the output terminal and 
structured to disrupt a connection between the input and output terminals when activated by a 
switching signal; 



11 



Application No. 10/050,427 

Reply to Office Action dated April 2, 2004 



a second switch coupled between the input terminal and the output terminal and 
structured to disrupt a connection between the input and output terminals when activated by a 
switching signal; 

a third switch coupled between the first terminals of the respective first and 
second pumping capacitors and structured to disrupt a connection between the first terminals of 
the capacitors when activated by a switching signal; 

the charge pump further including: 

a switching network structured to couple the pumping lines either in a serial mode 
or a parallel mode depending on a state of the switching network. 

37. (New) A charge pump capable of having multiple stages, comprising: 
at least two pumping lines, each line including: 
an input terminal for accepting an input voltage, 

an output terminal for delivering an output voltage, the output voltage different 
than the input voltage, 

a first pumping capacitor having a first terminal coupled between the input and 
output terminals and having a second terminal structured to accept a first phase signal, and 

a second pumping capacitor having a first terminal coupled between the input and 
output terminals and having a second terminal structured to accept a second phase signal, 
wherein the relationship between the first phase signal and the second phase signal is 
controllable by software code to achieve a desired output response from the charge pump, and 

a first switch coupled between the input terminal and the output terminal and 
structured to disrupt a connection between the input and output terminals when activated by a 
switching signal; 

a second switch coupled between the input terminal and the output terminal and 
structured to disrupt a connection between the input and output terminals when activated by a 
switching signal; 
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a third switch coupled between the first terminals of the respective first and 
second pumping capacitors and structured to disrupt a connection between the first terminals of 
the capacitors when activated by a switching signal; 

the charge pump further including: 

a switching network structured to couple the pumping lines either in a serial mode 
or a parallel mode depending on a state of the switching network. 

38. (New) A charge pump, comprising: 
at least two charge capacitors; and 

a switching network configured to separately couple and uncouple the at least two 
charge capacitors to input and output lines such that for any pumping operation, any combination 
of the at least two charge capacitors may not be used. 

39. (New) The charge pump of claim 38, wherein the switching network 
comprises at least five switches. 

40. (New) A circuit, comprising: 

at least two capacitors; and ( 

a plurality of switches configured to couple and uncouple each of the at least two 
capacitors individually to input and output lines to provide configurable phases between each of 
the at least two capacitors. 
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